Our aim was to study selective owl predation on size and sex classes of rodents in northwestern Argentine Patagonia and to determine which behavioral traits may be involved in differential prey vulnerability. Diet of Magellanic horned owls (Bubo magellanicus) was studied for 2 years. Jaw and pelvic measurements were used to estimate size and sex of rodents eaten by owls. Livetrapping of rodents was conducted simultaneously with diet analysis to estimate proportion of size and sex classes of rodents available and to examine movement and microhabitat use. Owls generally selected individuals of smaller size and avoided heavier individuals. Sex classes of prey were consumed according to availability, except that the female silky desert mouse (Eligmodontia morgani) was selected. Smaller individuals of E. morgani, the long-haired mouse (Akodon longipilis), and the yellow-nosed mouse (A. xanthorhinus) tended to use open microhabitat where risk of predation was higher. Vulnerability to predation seemed to be related to differential activity and use of microhabitat.
The literature on differential predation on size and sex classes of rodents by birds of prey is contradictory. Predators consumed either large individuals, generally males and adults (Castro and Jaksić 1995; García Esponda et al. 1998; Halle 1988 ), or small individuals, which were mainly females or juveniles (Bellocq and Kravetz 1994; Dickman et al. 1991; Donázar and Ceballos 1989; Koivunen et al. 1996; Mappes et al. 1993; Marti and Hogue 1979; Vargas and Palomo 1990) . However, some studies on avian predators have reported no size-or sex-dependent selection (Boonstra 1977; Vargas et al. 1988) .
Two hypotheses have been proposed to account for intraspecific differences in vulnerability of rodents to avian predators. The hypothesis of differential activity (Kaufman 1974) states that the most active individuals (i.e., those that move more frequently around the territory) would be most vulner-* Correspondent: strix@bariloche.com.ar able. The hypothesis of differential use of microhabitat (Dickman et al. 1991; Errington 1956) proposes that the most vulnerable individuals are those that occupy or are forced to occupy the less favorable microhabitat. Rodents in open habitats would be more vulnerable to predators (Kotler 1984) .
In northwestern Argentine Patagonia, sigmodontine rodents are the most common prey of Magellanic horned owls (Bubo magellanicus-Donázar et al. 1997; Trejo and Grigera 1998) . In this study, our objectives were to establish whether owls preyed differentially on size and sex classes of rodents and, if so, to determine what behavioral traits may be involved in differential prey vulnerability.
MATERIALS AND METHODS
This study was conducted in northwestern Patagonia, eastward from the city of Bariloche, Argentina (41Њ08ЈS, 71Њ12ЈW), in a steppe area located in the transition zone between the austral temperate forests and the Patagonian steppe. The area was dominated by bunchgrasses such as Stipa speciosa, cushion shrubs such as Acaena splendens, and scattered bushes such as Senecio filaginoides, Baccharis linearis, Discaria articulata, and the exotic Rosa rubiginosa. A road lined with exotic conifers (Pinus and Cupressus species) crossed the area. These trees provided roosts for at least 4 pairs of resident Magellanic horned owls.
Diet of Magellanic horned owls was studied from autumn 1995 to spring 1996 by analyzing pellets collected seasonally under roosts. We divided the year into seasons: summer (December-February), autumn (March-May), winter (June-August), and spring (September-November). Pellets were analyzed following standard procedures (Marti 1987) . Rodent remains in pellets were identified using a standard dichotomous key (Pearson 1995) . Details of the diet have been published elsewhere (Trejo and Grigera 1998) .
Two main types of habitats differing in plant cover were identified in the study area: open (bunchgrass and bare ground) and shrub (cushion and small bushes). The probable hunting territories of owls were delimited based on average home range of the related great horned owl, B. virginianus (Marti and Kochert 1996) . Circles of 1.1-km radius were drawn on an aerial photograph around each roost. Total area of the hunting territories and the proportion of each type of habitat were calculated by means of a planimeter. Total area was about 70 km 2 , 85% of which was open habitat and 15% shrub. To estimate distribution of size and sex classes of rodents in the field, 100 Sherman live traps (H. B. Sherman Traps, Inc., Tallahassee, Florida) were set in 2 grids (1 in each type of habitat) about 1 km apart with approximately 10 m between stations. Traps were activated for 3-4 consecutive days using rolled oats as bait. Trapped rodents were identified, sexed, and weighed. Each rodent was marked by toe-clipping, and trap coordinates were registered. Trapping was conducted seasonally and simultaneously with analysis of the diet from autumn 1995 to spring 1996, except in winter 1995 because of permanent snow cover.
To estimate size and sex of rodents in the diet, a reference collection of mice was trapped during 1996-1997. A sample of 22 yellow-nosed mice (Akodon xanthorhinus), 29 long-haired mice (A. longipilis), 36 long-tailed rice rats (Oligoryzomys longicaudatus), and 27 silky desert mice (Eligmodontia morgani) was snap trapped. Rodents were weighed and sexed, and their skeletons were cleaned. Additionally, reference skulls of rodents of known weight and sex that were trapped near the area and housed in collections of Administración de Parques Nacionales and the University of Comahue were measured; these included 50 A. xanthorhinus, 76 A. longipilis, 42 O. longicaudatus, and 14 E. morgani. Reference collections include specimens captured year-round, reducing seasonal bias in the relationship between body weight (BW) and cranial measurements.
Five measurements of jaws were taken from each specimen, following Dickman et al. (1991) : M1-length of dentary excluding incisors; M2-height of dentary at, and including, 1st molar; M3-maximum height of dentary, excluding coronoid process; M4-length of lower diastema; and M5-length of lower toothrow.
Relationships between BW and jaw measurements were investigated by means of multiple regression analyses, and the best set of predictor variables in the model was selected with a forward stepwise procedure (Zar 1996) . The regression equations obtained (P Ͻ 0.01) were A. xanthorhinus, BW ϭ Ϫ32.2627 ϩ 3.1015M1 ϩ 3.5468M3, r 2 ϭ 0.71; A. longipilis, BW ϭ Ϫ92.9475 ϩ 4.8877M1 ϩ 2.7157M2 ϩ 6.7674M3 ϩ 1.521.5258M4 ϩ 3.157M5, r 2 ϭ 0.75; O. longicaudatus, BW ϭ Ϫ47.9158 ϩ 6.4399M1, r 2 ϭ 0.92; E. morgani, BW ϭ Ϫ14.8880 ϩ 3.3359M1 ϩ 2.6964M2 Ϫ 3.5428M5, r 2 ϭ 0.70. Three pelvic measurements also were taken from field-trapped specimens (Dunmire 1955 ): a-length of ischium from acetabular rim to the ischial tuberosity; b-maximum length of pubis from acetabular rim; p-width of pubis at the thinnest point. All measurements were taken using a digital caliper to the nearest 0.01 mm.
Using the multiple regression equations described above, weight of rodent prey consumed by owls was estimated. Jaws recovered from pellets were measured and came from 236 E. morgani, 66 A. xanthorhinus, 147 A. longipilis, and 110 O. longicaudatus.
The pelvic ratio b/a was calculated for each species. Mean values of p and b/a for males and females of each species were compared using a 2-tailed Mann-Whitney U-test with conversion to the standard normal deviate, z (Conover 1980) . To distinguish sexes, pelvic data within each species were subjected to discriminant function analysis (Afifi and Clark 1990) . The discriminant function obtained was a linear combination of the values for an individual of 2 characters and may be used to categorize the sex of pelvic bones in owl pellets. The cutting point C to separate males from females was calculated as the average between the mean z value for males and the mean z value for females. The discriminant functions obtained were: A. xanthorhinus, z ϭ Ϫ8.19238p Ϫ 10.3943, mean z ϭ Ϫ17.921 for females, mean z ϭ Ϫ23.389 for males, C ϭ Ϫ20.655; A. longipilis, z ϭ 20.724(b/a) Ϫ 16.573p ϩ 16.215, mean z ϭ 37.091 for females, mean z ϭ 26.708 for males, C ϭ 31.900; O. longicaudatus, z ϭ 13.1776(b/ a) Ϫ 9.8478p ϩ 9.3356, mean z ϭ 20.391 for females, mean z ϭ 16.643 for males, C ϭ 18.517; E. morgani, z ϭ 20.474(b/a) ϩ 26.578, mean z ϭ 54.345 for females, mean z ϭ 51.392 for males, C ϭ 52.868.
To avoid counting the same individual twice, we measured only one-half of the pelvises (right or left), depending on which was the most abundant in the pellet. To compare mean weight of prey species in the field and in the diet, we used the normal approximation to the Mann-Whitney U-tests (Conover 1980) .
To examine owl selection on weight and sex classes of prey, we initially used heterogeneity G-tests (Sokal and Rohlf 1981) to decide whether to pool seasonal data. Then, we conducted Gtests of independence (Zar 1996) to evaluate differences between frequencies of weight and sex classes consumed and trapped. In the case of weight classes, we performed an exploratory analysis classifying consumed and trapped data into 5-g classes to determine which classes were consumed at higher or lower proportion than available. Two weight classes resulted per species (E. morgani, 5-20 g and 21-30 g; A. longipilis, 11-25 g and 26-35 g except for spring 1995 when the smaller class was Յ30 g; O. longicaudatus, 11-35 g and 36-45 g; A. xanthorhinus, 5-15 g and 16-25 g) .
Trapping data were used in 2 ways to examine activity levels of each individual prey: movement, estimated by measuring mean movement distances of individuals between trap stations during 2 consecutive captures (during a single trapping period); and trappability, determined as the captures of each individual as a percentage of the total number of possible captures during a trapping period (Mappes et al. 1993) .
To assess microhabitat use by rodents, trap stations were categorized dichotomously (modified from Dickman et al. 1991) as being in open or closed vegetation. Vegetation was classified as open if, within a 1-m radius of the station, bare soil occupied Ͼ50% of the area and as closed if bare soil was Ͻ50%. Capture rates were expressed as number of captures per trap night in each type of microhabitat for each individual (Dickman et al. 1991) . Each trapping period was considered independently.
Correlations of weight of individuals captured in the field with their movement, trappability, and use of microhabitat were derived with the 2-tailed Spearman rank correlation test (Zar 1996) . To test for differences in these 3 variables between sexes, the Mann-Whitney U-test (2-tailed) was used.
All analyses were performed using SPSS (SPSS Inc. 1997) . In all statistical tests, the criterion for statistical significance was P Ͻ 0.05.
RESULTS
A total of 1,216 prey items were identified from 522 pellets. Rodents accounted for 98.5% of the prey. The sigmodontine rodents E. morgani, A. longipilis, O. longicaudatus, Reithrodon auritus, and A. xanthorhinus constituted 82% of total prey numbers. R. auritus (14.3% of prey) was trapped in very low numbers. However, as we noticed from signs (feces and burrows) that trapping results were not representative of its abundance, perhaps due to inadequate bait, we discarded this species from the present analysis.
Mean estimated weights of prey species in the diets of owls were less (P Ͻ 0.05) than those trapped for E. morgani and A. longipilis (Table 1) . Seasonal data were heterogeneous for E. morgani (G ϭ 24.5, d.f. ϭ 5, P Ͻ 0.05), A. longipilis (G ϭ 39.12, d.f. ϭ 5, P Ͻ 0.05), and O. longicaudatus (G ϭ 18.33, d.f. ϭ 5, P Ͻ 0.05). For these species, we found selection of smaller individuals in several seasons, and in no case significant selection of larger individuals (Fig. 1) . For A. xanthorhinus, seasons were homogeneous (G ϭ 0.89, d.f. ϭ 5, P Ͼ Fig. 1 ).
Both sexes of A. xanthorhinus (z ϭ Ϫ3.080, n 1 ϭ 8, n 2 ϭ 14), A. longipilis (z ϭ Ϫ3.834, n 1 ϭ 17, n 2 ϭ 12), and O. longicaudatus (z ϭ Ϫ3.042, n 1 ϭ n 2 ϭ 18) differed significantly (P Ͻ 0.05) for the parameter p, and A. xanthorhinus (z ϭ Ϫ2.321, n 1 ϭ 8, n 2 ϭ 14), A. longipilis (z ϭ Ϫ3.255, n 1 ϭ 17, n 2 ϭ 12), O. longicaudatus (z ϭ Ϫ3.528, n 1 ϭ n 2 ϭ 18), and E. morgani (z ϭ Ϫ3.821, n 1 ϭ n 2 ϭ 13) for the parameter b/a. Therefore, p was excluded from further analysis in E. morgani. Linear discriminant analysis based on pelvic morphometrics produced significant separation between males and females of the 4 prey species and resulted in the correct classification of 81. 8% of A. xanthorhinus, 93.1% of A. longipilis, 80.6% of O. longicaudatus, and 76.9% of E. morgani. Seasonal data on sex classes were pooled for E. morgani (G ϭ 10.01, d.f. ϭ 5, P Ͼ 0.05), O. longicaudatus (G ϭ 7.90, d.f. ϭ 5, P Ͼ 0.05), and A. xanthorhinus (G ϭ 6.46, d.f. ϭ 5, P Ͼ 0.05). Sexes of prey were consumed according to their availability, except for female E. morgani, which was taken significantly more often than males (G ϭ 3.96, d.f. ϭ 1, P Ͻ 0.05). In the case of A. longipilis, we could not pool seasonal data (G ϭ 15.09, d.f. ϭ 5, P Ͻ 0.05), and seasonal analyses did not show a clear pattern of selection for sex.
A significant correlation (P Ͻ 0.05) was found between weights of captured rodents and trappability for the 4 species (E. morgani, r s ϭ 0.330, n ϭ 75; O. longicaudatus, r s ϭ 0.360, n ϭ 68; A. longipilis, r s ϭ 0.217, n ϭ 70; A. xanthorhinus, r s ϭ 0.287, n ϭ 72). Weights of prey did not correlate significantly (P Ͼ 0.05) with movement, except for A. xanthorhinus (r s ϭ 0.489, n ϭ 24, P Ͻ 0.05). We found significant negative correlations (P Ͻ 0.05) between weight and capture rate in the open microhabitat for E. morgani (r s ϭ Ϫ0.325, n ϭ 53), A. longipilis (r s ϭ Ϫ0.320, n ϭ 63), and A. xanthorhinus (r s ϭ Ϫ0.260, n ϭ 32).
In the trapped sample, the only variable that differed between sexes was microhabitat use by E. morgani. Female E. morgani had a higher rate of capture in the open habitat than did males (z ϭ Ϫ2.283, n 1 ϭ 23, n 2 ϭ 31, P Ͻ 0.05).
DISCUSSION
Magellanic horned owls tended to capture smaller and middle-sized individuals within each prey population, with no clear seasonal variation. No old adults were caught, in spite of these being within the size range taken by owls (Trejo and Grigera 1998) . Trejo and Grigera (1998) found that owls in our study area consumed larger prey: R. auritus (70 g), Ctenomys haigi (160 g), and juveniles of Lepus europaeus (Ͼ200 g). Therefore, it is unlikely that differential consumption by weight of smaller rodents is the result of limitations of a maximum size of prey that the predator can consume, as was observed in other strigiforms (Morris 1979; Vassallo et al. 1994; Zamorano et al. 1986 ). Whether selective predation is due to energetic cost-and-benefit considerations or to differential vulnerability of prey arising from the interaction between behavior and morphology of both predator and prey is difficult to determine. Based on energetics, it is adaptive for the owls to capture smaller individuals when larger ones are available only if smaller individuals are significantly more vulnerable and easier to catch. Kotler et al. (1988) found that in enclosure experiments, risk of predation increased with size for the prey (heteromyid rodents) of barn owls. However, differential predation on smaller individuals has been observed elsewhere in natural conditions (Blem et al. 1993; Dickman et al. 1991; Halle 1988; Koivunen et al. 1996; Mappes et al. 1993; Vargas and Palomo 1990) .
Greater vulnerability of juveniles and subadults has been attributed to their having different habitat use than adults (Halle 1988) , higher rates of dispersal (Ambrose 1972) , and lack of experience to avoid predation (Longland and Jenkins 1987) . In small mammals, body size often reflects social status because larger individuals are stronger in competitive interactions. Adult Mus musculus increased the susceptibility of juveniles to predation by forcing young to occupy suboptimal habitats (Dickman et al. 1991) .
Overall, we found no differences in the distance moved by individuals of different weights, but smaller individuals were caught more often in open microhabitats where the risk of predation is higher (Kotler 1984) , whereas heavier adults were caught in the more vegetated habitats. This is consistent with the assumption that the largest individuals in each of these populations select optimal microhabitats, where the risk of predation is lower (Halle 1988 Correlation between weights of captured rodents and trappability for the 4 species does not imply necessarily a contradiction with owl selection on smaller individuals because our capture methods were different from those of owls. We attracted mice to a safe place (somewhat similar to a burrow) using bait, so trappability could be related to social hierarchies, trap-happy responses, or other behavioral traits and not to vulnerability to owl predation.
We obtained some evidence of selective predation on female E. morgani, although this was based on sparse data and modest accuracy in sex determination from pelvic measures. Greater vulnerability of female rodents has been demonstrated in other studies (Bellocq and Kravetz 1994; Dickman et al. 1991; Holt and Williams 1995; Longland and Jenkins 1987) and is often attributed to more active behavior, which we did not find. Our results show that female E. morgani uses the open microhabitat more often than does male and thus likely has a higher risk of predation by owls. Sexual differences in use of habitat have been detected in small mammals (Morris 1984) and explained as a mechanism to reduce intraspecific competition for resources.
In conclusion, in this study, we found juvenile and subadult small mammals (and possibly E. morgani females) to be more vulnerable to owl predation, and this differential vulnerability is best explained for some species by their use of suboptimal microhabitat.
RESUMEN
Estudiamos la predación selectiva de bú-hos sobre clases de tamaño y sexo de roedores en el noroeste de la Patagonia argentina, y determinamos características comportamentales que podrían estar implicadas en la vulnerabilidad diferencial de las presas. La dieta de los tucúqueres (Bubo magellanicus) se estudió durante 2 años. Para estimar el tamaño y sexo de los roedores consumidos por los búhos, se utilizaron medidas mandibulares y pélvicas. Se capturaron roedores simultáneamente con el análisis de la dieta para estimar la proporción de tamaños y sexos disponibles y para examinar movimientos y uso del microhá-bitat. Los búhos generalmente seleccionaron individuos más pequeños y rechazaron los más pesados. Las clases de sexo de las presas se consumieron de acuerdo con su disponibilidad, excepto las hembras de Eligmodontia morgani (laucha sedosa) que fueron seleccionadas. Los individuos más pequeños de E. morgani, Akodon longipilis (ratón de pelo largo), y A. xanthorhinus (ratón de hocico bayo) tendieron a usar el microhábitat abierto, donde el riesgo de predación es mayor. La vulnerabilidad a la predación parece estar relacionada con diferencias en la actividad y el uso de microhábitat.
